There has been modest examination of attentional bias in individuals with cannabis use disorders. Clinical implications of this work are directly relevant to better informing extant evidence-based treatment for substance use disorders (e.g., relapse prevention) and/or developing novel interventions. The overarching aim of this investigation was to examine a novel attentional bias task in adults with cannabis use disorders. Participants were comprised of 25 adults (8 women: M age D 31, SD D 6.8; range D 22-45) with cannabis use disorders (n D 12) and controls (n D 13) without any current (past month) psychopathology. Relative to controls, adults with cannabis use disorders had greater attentional bias scores. These differences were present only at the 125-ms probe time, where the cannabis use disorders group showed greater attentional bias to cannabis cues than the control group (adjusted p D .001, cannabis use disorders mean D 59.9, control mean D ¡24.8, Cohen's d-effect size for 125 ms D 1.03). The cannabis use disorders group also reported significantly greater perceived stress and post-task stress scores than the control group, but stress was not related to attentional bias. This study informs understanding of the influence of cannabis cues on visual detection and reaction time under different cue-target onset times, as attentional bias was most prevalent under time pressure to detect the probe.
Attentional bias (AB) in adults with cannabis use disorders (CUDs)
Cannabis has been the most commonly abused illicit substance in North America for the last four decades. 1 Cannabis accounts for more than four million of the estimated seven million Americans with illicit substance use disorders (SUD). 2 About 10% of people who use cannabis will develop a CUD, but among daily cannabis users, the estimated prevalence rises to 25-50%. Importantly, CUD is associated with cognitive and social impairments, including educational and employment difficulties, and cannabis is the second most common substance for which individuals are admitted to drug treatment programs. 3 As with most drugs of abuse, cue-induced relapse presents a significant barrier to cannabis abstinence. Cue reactivity is a relapse risk factor for almost every known abused substance. [4] [5] [6] By definition, drug-cue reactivity is a process in which, through associative conditioning, drug-related stimuli become paired with drug-reinforcement processes. Subsequently, exposure to these conditioned drug-related stimuli alters physiological and psychological processing. 7, 8 Cue reactivity represents a constellation of events measurable in a number of domains (subjective, physiological, and neurocognitive); one of which is biased or selective attention to drug cues, or AB. Proposed sequelae of AB toward drug cues include perseverative thinking about drug use, drug seeking, and the initiation of compulsive or habitual drug use behaviors. 9 Further, AB predicts a number of key real-world outcomes, such as retention in treatment trials. 5, 10, 11 AB in cannabis users requires further examination. This is particularly true in users meeting criteria for CUD, in whom cue reactivity is likely to be most salient. Many previous AB studies have examined only recreational cannabis users, 12, 13 and the paradigms employed have generally either used cannabisrelated words, which are less vivid and ecologically relevant than pictorial stimuli, expensive electrophysiological measures of attention to visual stimuli. 16, 17 A simple, robust behavioral measure of AB to visual stimuli in CUD suitable for use in the clinic could contribute to greater understanding of the role of AB in CUD, and inform intervention efforts. Furthermore, as anxiety and stress are known to amplify cue reactivity and relapse risk, the extent to which any given measure is influenced by stress must also be considered. 8, 9, 18 Several studies have demonstrated that stress (acute and chronic) is related to not only increased risk for relapse and cue reactivity but also to AB for other substance classes aside from cannabis. 5, 9, [18] [19] [20] Accordingly, the present study examined a novel method for measuring AB in a group of chronic cannabis users meeting criteria for CUD and healthy controls, with the aim of establishing preliminary validation for a robust and inexpensive method of measuring AB in CUD. An AB task was used that utilized pictorial stimuli and short probe times to maximize AB effects. As documented in previous AB studies of individuals with SUD, anxiety, chronic pain, and eating disorders, 5, [21] [22] [23] [24] [25] [26] the use of vivid pictorial stimuli combined with time pressure is most likely to produce robust AB effects. It was expected that cannabis users would show greater AB than controls on this new measure, and that this effect would be evident primarily at short probe times. Further, given the role stress is known to play in relapse and AB, a preliminary exploration was also conducted of possible relationships between stress and AB as measured by this novel task.
Method

Participants
A total of 25 participants (8 women; M age D 31.3, SD D 6.8; range D 22-45) were enrolled in the current study. This study was initiated and conducted prior to the release of the Diagnostic and Statistical Manual of Mental Disorders-5th Edition (DSM-5). 27 Accordingly, all diagnostic criteria and phrasing are presented in terminology related to DSM-4th Edition (DSM-IV). 28 Twelve participants met criteria for current CUD (abuse or dependence) and 13 control participants did not meet criteria for any Axis I disorders. Please see Table 1 for a summary of participant characteristics. All participants were required to be between 18-45 years of age. Approximately 50% of the sample was screened to meet diagnostic criteria for CUD (abuse or dependence), defined as (1) a score of 13 on the Cannabis Use Disorders Identification Test-Revised (CUDIT-R) 27 , (2) a score of 4 on the Cannabis Abuse Screening Test (CAST), 29, 30 and (3) diagnostic criteria for cannabis abuse or dependence as per the structured clinical interview for DSM-IV 28 Axis I Disorders (SCID-I). 31 Approximately 50% of the sample was screened to not meet criteria for any current (past month) Axis I disorders. Exclusionary criteria were comprised of: (1) current (past month) DSM-IV Axis I disorder other than cannabis abuse/ dependence; (2) serious illness requiring ongoing medical treatment, which could affect the central nervous system, or any other medical contraindication (e.g., renal, cardiovascular, pulmonary, hematologic) as determined by medical screening; (3) a positive pregnancy test or breast feeding (women); (4) concomitant use of prescription medications that could affect the central nervous system; (5) 
Measures
The SCID-I 31 is a well-validated, structured clinical interview for psychiatric disorders that is commonly used in research settings for diagnostic purposes.
The CUDIT-R 35 is an 8-item questionnaire for screening problematic cannabis use (range 0-32, with higher numbers indicating more likelihood of problematic use). This questionnaire has strong sensitivity (91%), specificity (90%), and 96% positive predictive value for CUD as diagnosed by DSM-IV when 13 is used as the cutoff point.
The CAST 29,30 is a 6-item questionnaire for screening problematic cannabis use (range 0-24, with higher numbers indicating more likelihood of problematic use). It has good sensitivity (76%), specificity (85%), and 74% predictive value for CUD when four is used as the cutoff point.
The FTND 34 is a well-established 6-item scale designed to assess gradations in tobacco dependence (range 1-10 with higher numbers indicating more dependence). This measure exhibits good internal consistency, positive relations with key smoking variables (e.g., salivary cotinine); 34, 36 and high test-retest reliability 36 .
The BDI-II 32 is a well-established 21-item selfreport measure on which respondents indicate, using a 4-point Likert-style scale, the intensity with which they experience depressive symptoms (range 0-84, 4 Visual Analogue Stress Scale-Current Rating 1: Pre-Attentional Bias Task. 5 Visual Analogue Stress Scale-Current Rating 2: Post-Attentional Bias Task. 6 Cannabis Abuse Screening Test. 7 Cannabis Use Disorders Identification Test-Revised. 8 Current Use: number of times per month. 9 Users D number participants who ever used substance.
with higher numbers indicating more depressive symptoms). The Shipley-2 33 is a well-established, brief measure of crystallized knowledge and fluid reasoning ability. Crystallized ability is assessed via administration of the 40-item vocabulary scale, while fluid reasoning is assessed using the 12-item block patterns scale. The composite vocabulary-block patterns score (range 25-145 with higher numbers indicating better cognitive functioning) was used in this study to rule out cognitive impairment that might interfere with participation (scores had to be >70).
The Perceived Stress Scale (PSS) 37,38 is a 10-item measure, rated on a 5-point Likert-style response format, developed to measure the degree to which individuals appraise their life as stressful (range 0-40, with higher numbers indicating more stress) during the past month. The PSS has been widely used in health studies; the items are general in nature and relatively content free with regard to specific population groups. The total score is calculated by summing the responses. This measure assesses chronic life stress, which could potentially moderate responses to drug cues.
The Visual Analogue Stress Scale-Current (VASS-C) was used to index stress prior to and after the experimental session. Each participant's current stress level was ranked on a 0-10 visual analog scale with 0 defined as "no stress" and 10 as "extreme stress," as cued by the question: "Please rate your current stress level." This measure was included to provide a brief measure of acute stress levels during the study, and ensure that differences in stress responses to the task did not account for any observed differences in AB.
Drug use screening Drug and alcohol usage was monitored by obtaining urine and expired air samples on each day of participation in the research. The integrated E-Z split key cup II (Innovacon Company, San Diego, CA) was used to test for urine cocaine (benzoylecgonine), THC, opiates, amphetamine, and benzodiazepines. An Alcosensor III (Intoximeters, St. Louis, MO) was used to screen for alcohol consumption. Participants who reported smoking cigarettes were allowed to smoke 60 minutes prior to testing (but not during), in order to prevent contamination of results due to either acute nicotine or nicotine withdrawal effects. In addition, a substance use survey, developed for purposes of the present study, was administered to assess use of each class of substances (e.g., alcohol, cocaine). Participants were asked to report on lifetime and current use of each substance class. Specifically, participants reported on the following information for each substance class: number of estimated lifetime uses, estimated number of uses within the past month and week, rates of use for heaviest 30-day period of use during the lifetime, route(s) of administration, and age of first use.
Participants were asked to report on lifetime and current use of each substance class in addition to age of onset of use, years of regular use, and past month use frequency.
Cannabis AB task
Testing lasted approximately 12 minutes. The task utilized pictorial stimuli (i.e., color photographs) and short cue-probe onset timing (i.e., time pressure) in order to maximize AB effects, as suggested by previous research. [21] [22] [23] [24] 26 The structure of the task was as follows: The participant first read printed instructions and completed 12 practice trials with unique stimuli (nature scenes). The instructions were re-summarized, and the experiment proper began. Each trial had the following structure: (1) orienting stimulus (cross hair, 500 ms); (2) cue D cannabis picture or neutral picture (500 ms); (3) probe stimulus (125 or 250 ms) D yellow smiley or neutral face just outside one of the four corners of the cue picture; (4) probe stimulus removed, picture (cue) remained on screen (1500 ms); inter-trial interval (1500 ms). Beginning with the introduction of the probe (face), the participant had 1500 ms to record a response on the left or right button of a Universal Serial Bus (USB) response device, based on the cue (smiley or neutral).
There were six cannabis pictures featuring cannabis-related stimuli, and six neutral pictures matched in size, color, and context. Three of the cannabis cues featured adults smoking cannabis (i.e., all pictures were digital color photographs of an individual smoking cannabis; two showed men smoking joints, and one showed a woman smoking from a water pipe); and three of the cannabis pictures offered close-range photographs of cannabis/cannabis "cigarettes" (i.e., joints, blunts). The six neutral images were comprised of photographs of neutral adult faces (matched in terms of gender and perspective of photograph) and objects (e.g., pens; matched in size, color, context to the cannabis photographs). Pictures are available in electronic form via request to the corresponding author. Pictures were presented on a 17-inch computer monitor and were approximately 6 inches high £ 8 inches wide at 300 dpi. Participants were exposed to the pictures for 2000 ms, providing ample time to discriminate the content. The task utilized a 96-trial block design with 48 trials each of cannabis stimuli and neutral stimuli. Within a block, each stimulus appeared in random order, with no repeats on consecutive trials. Block order and probe location were counterbalanced within and across participants. One experimental advantage of the task is that it provided multiple indices, including AB, operationalized as reaction time (RT) difference (cannabis-neutral cues) and allowed, on an exploratory basis, the examination of accuracy of identification of the probe and response bias (i.e., tendency to identify the face as a "smiley" face), which were calculated using the signal detection metrics d 0 and criterion c.
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Procedure Participants were recruited via local advertisements for non-treatment-seeking cannabis users. Print, radio, TV ads, and patient-to-patient sources were utilized. Interested participants were first screened via telephone to ensure that basic inclusionary/ exclusionary criteria were met. Potentially eligible participants were scheduled for an in-person screening appointment. After providing verbal and written consent, participants received medical and psychiatric screening, which included provision of urine and alcohol breath samples, administration of the SCID-I, and completion of the BDI-II, Shipley-2, CAST, CUDIT-R, and substance use survey, as evaluation for enrollment into the study. Eligible participants were then scheduled for a laboratory test session to complete the experimental task. At the experimental laboratory session, participants again provided urine and alcohol breath samples, and completed the PSS. Participants completed the Cannabis AB Task, as previously described. Participants completed the VASS-C ratings prior to and immediately after the task. Participants were compensated $20 for their time, plus approximately $4.00-6.00 based on test performance (accuracy in detecting probes) at the conclusion of the testing day. Participants received a base payment of $2.00 at the start of the task, and based on performance, they could earn an additional amount up to $4.00 extra (for a total of $6.00 for the task). Therefore, taken together, participants earned between $22.00 and $26.00 for participating in the study.
Data analytic plan
The primary data analytic strategy used mixed linear modeling, as implemented in version 1.1.6 of the lme4 package 40 in version 3.1.0 of the R statistical computing environment. 41 Three mixed linear models were conducted. The primary analysis examined AB, operationalized as the average of RTs to a probe following a cannabis cue minus the average of RTs to a probe following a neutral cue. This produced a single AB score for each type of trial measured in ms, where higher numbers indicate greater bias, which were entered into a mixed linear model with group, probe time (125 versus 250 ms) and cue type (smiley versus neutral) as fixed factors, and subject as a random factor.
On an exploratory basis d 0 was also entered (sensitivity or ability to discriminate the "smiley" versus the neutral face averaged across each type of trial, where higher numbers indicate more accurate discrimination), and criterion c (bias toward identifying the probe as a "smiley" or neutral face, averaged across each type of trial, where higher numbers indicate a greater bias to identify the face as neutral) into two separate mixed linear models with group, cue type (marijuana versus neutral) and probe time (125 versus 250 ms) as fixed factors, and subject as a random factor.
Then the relationship of stress to cannabis use and AB were examined. First, for the PSS, an indicator of overall life stress measured at a single time point, a between-groups t-test was used with PSS scores as the dependent variable. For the VASS-C, an indicator of stressful feelings collected immediately before and after the task, the VASS-C scores were entered into a mixed linear model with group and time (before task versus after task) as fixed factors, and subject as a random factor. Three additional mixed linear models were then conducted on each dependent variable of interest (AB, d
0 , and criterion c) using in turn meancentered PSS, average VASS-C across the study and change in VASS-C from before to after the experiment as an additional fixed factor, and modeling all interactions between the given stress variable and the other independent variables. This procedure allowed examination of whether mean levels of stress or changes in stress due to the task related to any of the outcomes, or altered the effect of cannabis use on any outcome.
p-Values for mixed linear models were derived using Satterthwaite approximations of degrees of freedom, as implemented in version 2.0-6 of the lmertest package in R. 41 Any significant interactions were followed by a false discovery rate (FDR) corrected post hoc tests of least-squares means, which examined all possible pairs of means involved in the interaction, also implemented in the lmerTest package. Effect sizes for linear mixed models are expressed in terms of unstandardized Bs and standard errors (SE). All variables and residuals were examined for normality. Skewness and kurtosis were within acceptable limits for all variables. Table 1 shows characteristics of the sample. There were no between-group differences in age, years of education, Shipley-2 scores, or the distribution of gender or ethnicities. The CUD group reported marginally higher perceived life stress on the PSS (p D .05). There was also a significant main effect of time on the VASS-C 2, such that all participants reported less stress after the task than before (B D -.78, SE D .31, t (23) D 2.62, p D .02). There were no interactions between group and time, indicating that the CUD group did not experience a significantly different change in stress over the task compared to controls.
Results
With regard to substance use history, more participants in the CUD group smoked cigarettes compared to the control group (66 and 15%, respectively; p < .05) and reported more years of regular cigarette use (p < .05). Among the current cigarette smokers only, the CUD and control groups did not differ significantly in the average number of cigarettes smoked per day or the age of onset of cigarette smoking. Groups did not differ with regard to alcohol use history. While more participants in the CUD group reported lifetime history of use of other substances (ns D 2-4 in the CUD group versus 0 in the control group across substance classes; please see Table 1 ), these participants reported low levels of current (monthly use). Most participants in the CUD group did not report a history of other substance use.
Examining AB to cannabis cues, there was a significant main effect of group (B D 42.83, SE D 14.29, t (92) D 3.00, p < .01), such that the CUD group showed greater AB for cannabis pictures than the control group. However, this occurred in the context of the predicted significant group £ probe time interaction (B D ¡68.39, SE D 28.58, t(92) D 2.39, p D .02) . Using FDR-adjusted post hoc tests to examine this interaction, it was found that the CUD group had significantly greater AB to cannabis cues than the control group when the probe appeared for 125 ms (adjusted p D .001), but not when the probe appeared for 250 ms (adjusted p D .67), as shown in Figure 1 (top panel). There was also an unexpected significant interaction between group and probe type (smiley versus neutral, B D ¡84, 14, SE D 28.58, t(92) D ¡2.94, p < .01). Using FDR adjusted post hoc tests to examine this interaction, it was found that the CUD group had significantly greater AB to cannabis cues than the control group when the probe was a neutral face (adjusted p D .001), but not when the probe was a smiley face (adjusted p D .97). The predicted group £ probe time (125 versus 250 ms) interaction remained significant when the PSS, VAS average, and VAS change scores were included in the model, but the group £ probe type (smiley versus neutral) interaction dropped to non-significance when PSS scores were included, and a significant probe type £ PSS score interaction Figure 1 . Attentional bias was significantly greater in the CUD group at 125 ms probe times, but not 250 ms. Attentional bias score is calculated as RT on cannabis picture trials minus neutral picture trials, thus a score above 0 indicates longer RT to respond to the probe in the presence of the cannabis pictures, and is interpreted as attentional bias to the cannabis cues relative to the neutral cues. Error bars represent the SEM. appeared, suggesting this unexpected group £ probe type interaction may have been better accounted for by differences in stress levels between the groups.
Examining the ability to discriminate between the smiley and neutral probes, for example, d
0 , the only significant effects observed were a small advantage in discrimination for the CUD group overall (B D .59, SE D .27, t(23) D 2.14, p D .04), and a large advantage in discrimination for the entire sample at longer probe times (B D 1.67, SE D .13, t(69) D 12.40, p < .001) . Neither of these findings were altered by inclusion of any of the stress variables. Examining bias to identify the probe as a "smiley face," for example, criterion c, there were no significant effects of any of the independent variables.
Discussion
Reactivity to conditioned drug cues plays a key role in relapse. Laboratory models of skewed attention toward drug cues have helped to delineate important factors in the AB process, including context, drugstimulus characteristics, and stress. Clinical implications of this work are directly relevant to better informing extant evidence-based treatment for SUD (e.g., relapse prevention) and/or developing novel interventions. One example might include the development of treatment programs that expose individuals with CUD to cannabis stimuli during the course of treatment so as to help them habituate to the cues and/or better manage associated cravings and urges to use with adaptive emotion regulatory skills. Thus, this line of work has significant potential for impacting clinical interventions, pending further advancement of the understanding of the associations between drug cue reactivity and substance use behaviors, including treatment-seeking and relapse to use.
In the present report, it is demonstrated that individuals with CUD had significantly greater AB in a simple behavioral measure of attention to visual cannabis cues when task demands (125-ms probe) put time pressure on accurate discrimination of probes. It was also unexpectedly found that AB was greater in individuals with CUD when the probe used was a "neutral" face instead of a "smiley" face, although this unexpected difference became non-significant when group-level differences in chronic stress were taken into account. The CUD group had marginally higher levels of both perceived chronic stress and acute stress during study tasks (although only PSS chronic stress was statistically significantly higher in CUD). Both groups showed an overall decline in stress across the task, and the task did not affect stress differently in CUD individuals versus controls. Further, CUD individuals were marginally more accurate in the discrimination task overall, suggesting that the observed differences in AB were not due to either greater perceived difficulty/stress during the tasks, or differences in ability to complete the task.
Task difficulty engendered by the short probe-stimulus onset asynchrony (SOA) had a marked effect on RTs and AB. SOA is the time interval between the onset of a cue (e.g., the marijuana or neutral picture) and the onset and/or duration of the probe (e.g., the face icons). The short 125-ms probe placed time pressure on the discrimination of the probe, which most likely interacted with the distracting effect of the cannabis pictures to engender the AB to cannabis cues observed in the CUD group; the effect was not present in either group when the probe was on-screen for 250 ms. Interestingly, the two groups also showed different AB depending on the type of probe: The CUD group showed greater AB when the probe was neutral, but not when the probe was smiley. It may be intriguing to interpret this as an unintended consequence of the affective component of the pervasive generic yellow "smiley" face. Although the neutral and smiley face were simply chosen as visual stimuli that were neither too difficult nor too easy to discriminate, several studies have documented that affective-based cues can modify signal detection and attentional processing. [42] [43] [44] Further, this difference between groups became non-significant when the small group differences in stress were taken into account, further suggesting an affective explanation. However, the affective valence of the smiley and neutral faces was not experimentally established. Thus, this possibility remains a conjecture until verified by direct experimental manipulation. Future studies should consider using a different discrimination with no affective connotation.
Perceived life stress, as measured by the PSS, was marginally higher (p D .05) in individuals with CUD. However, the task itself did not appear to constitute a stressor for either group, with stress levels actually declining from before to after the task to an equivalent extent in both groups, which-combined with the moderational analyses examining associations between stress and performance-suggest the observed differences in AB are not due to the task being more stressful for individuals with CUD. While significant associations were not observed between AB and chronic stress (PSS) or acute stress (VASS-C) in this modest sample of 12 participants with CUD, the results are consistent with other lines of inquiry demonstrating that short SOA and time pressure exacerbate AB, 22, 24, 26 and should not be interpreted as contradictory to the established finding that stress generally exacerbates cuereactivity, including reactivity to drug cues. 9, 45 Here, an initial exploratory analysis was conducted to examine whether pre-existing, uncontrolled levels of stress corresponded to task performance, and thus, the range of stress may have been restricted. Future studies of AB in individuals with CUD may benefit from experimental designs that incorporate pharmacological or psychological manipulations of acute stress.
Several limitations of the present study are evident. First, in this small laboratory-based sample, generalizability to the broader population of cannabis users is clearly limited due to the inclusion/exclusion criteria employed for this pilot study and the racial/ethnic composition of the sample. Stringent exclusionary criteria were employed to increase the internal validity of the pilot study and allow for more accurate, direct examination of AB to cannabis cues in a novel experimental paradigm. However, restriction of the sample to individuals with CUD only, and exclusion of all other Axis I disorders, limited generalizability to SUD populations. Further replication and extension of this study to cannabis-using adults presenting with multiple psychiatric comorbidities would be an important next step in this line of inquiry. Second, a higher proportion of individuals smoking nicotine cigarettes were observed in the CUD group as compared to the control group. However, there were no differences in level of nicotine dependence or number of cigarettes smoked, and the latency was standardized from last smoking period at 60 minutes prior to testing for all smokers, in order to prevent contamination of results due to either acute nicotine or nicotine withdrawal effects. Nonetheless, cigarette smoking could not be fully ruled out as a potential confound. Third, while higher stress levels were observed in the CUD group, no experimental manipulation of stress was employed 19, 46, 47 and no significant relationships between stress and AB were observed. However, based on the present report, it would be inappropriate to conclude that stress and AB do not interact to modulate cannabis use in CUD. Future experiments will be enhanced by directly manipulating stress and employing both repeated measures designs and larger sample sizes. Fourth, small sample sizes have inherent hazards, including low probability of identifying true effects; low positive predictive value that an obtained significant effect is a "true positive;" and an exaggerated estimation of the magnitude of significant effects that are obtained. 48 Finally, a novel AB task was employed, which was based on important features of previous AB studies, including picture stimuli, short probe presentations, and RT and signal detection based metrics. However, the task was not experimentally validated by including a second well-studied comparator AB task such as a traditional dot-probe or drug-stroop, 5, 49 or alternative measures of cue-reactivity and craving. 4, 45 Inclusion of such measures will be needed for further task validation.
Under the circumstances, a full appraisal of this novel task requires replication with larger samples and more rigorous experimental designs. However, it potentially offers a comparatively simple and robust method of assessing AB, using digital picture stimuli, which could be further individualized to each participant to enhance the sensitivity of the procedure. The current data are also congruous with previous AB studies in several SUD populations. 5, 50 Despite the consistencies, the results require extension and replication to support the general utility of this measure in CUD, including examination in treatment-seeking populations.
